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1.0 INTRODUCTION 


This paper presents results of a general parametric reentry study. Results 
are given in the form of inertial velocity and flight-path angle at 

400,000 feet. For various elliptical parking orbits, the parameters 
varied were retrograde velocity change (A/ ) , retrograde pitch angle and 
true anomaly. For circular orbits, AV and pitch angle were varied. 
Reference is made to existing data that can easily be used to convert 
the given 400,000 feet reentry conditions to other reference altitudes. 

In addition, important parking orbit parameters are given as a function 
of insertion conditions. 


2.0 DISCUSSION AND RESULTS 

Keplerian equations, a spherical earth, and the assumption of an 
instantaneous retro velocity change were assumed. To minimize the 
differences when comparing with integrated results the integrated AV 
should be taken as in plane along the local longitudinal body axis. 

The pitch angle (p) of the body axis should be with respect to the local 
horizontal. The true anomaly (0) of the impulsive AV should coincide 
with the mid-burn position of the integrated burn, i. e., assume the 
AY to be split-burn. 

2.1 Method of calculation . - The Keplerian solution of position and 
velocity in an elliptical orbit was obtained through use of a general 
elliptical orbital and reentry program; E042. The parking orbit is 
defined with the initial input of either the apogee and perigee £adii 
or an initial radius, velocity, and flight-path angle (R ; V, y) /' 

As true anomaly is varied, the Keplerian equations give time-in-orbit 
and R, V, y. After an impulsive AV, the velocity and flight-path angle 
are calculated trigonometrically. These new conditions define the transfer 
orbit which, in turn, allows velocity and flight-path angle for any 
transfer orbit position to be cal ciliated . 


See reference 1. Good sources of elliptical expressions are the 
Martin "Orbital Flight Handbook" (reference 2) and the Langley 
"space notes." 

^When the additional inputs of inclination, argument of perigee, and 
longitude of the ascending node are used, the program gives orbital 
and reentry conditions, time, and position with respect to a rotating 
earth. 
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2.2 Geometry and assumed constants . - 
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2.3 Examples . - 
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2.3.1 Figures 1 and 2. elliptical orbit reentry . - Figure 1 shbws 
the effect on reentry conditions when varying the parameters AV, p , and 0 
for particular elliptical orbits. Refer to Figure 1 (a), for hp/ha = 
80/l00 nm. For a given AV and pitch angle, the effect of varying the 
retrograde true anomaly, 0, is indicated by moving vertically on the 
figure. Thus, for IV = 700 ft/sec and p = 0o the reentry flight-path 
angle varies from -1.17° to -1.86° with a reentry velocity of about 
25090 fps. This same information is given by Figure 2 (d). 


Again using Figure 1 (a) for the 80/100 orbit: 


a. What are the reentry V, y ranges for AV = 500 fps and p = 0°? 

Range of y± is from -.96° to -1.55°. 

Reentry velocity is about 25290 ft/sec. 

b. What are the reentry conditions after apogee and perigee reentries 
using a AV of 340 ft/sec applied at an angle of 25°? 

For 9 = 00 Vi = 25480 ft/sec y ± = -.79° 

For 0 = 180° Vi = 25480 ft/sec y ± = -1.22° 


Figures 3 through 38 give similar information for other elliptical orbits. 
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2.3.2 Figure 39. circular orbit reentry . - Figure 39 gives circular 
orbit reentry conditions for various retrograde attitudes. For example, 
what are the reentry conditions following a 330 ft/sec retrograde from 
a 160 nm circular orbit for (3 = 20°? How much will these conditions 
change if the pitch angle is decreased to zero? 

For the 20° pitch angle, Figure 39 (c) gives Vi = 25727 ft/sec and yi = 
-1.38°. From Figure 39 (a), decreasing the pitch angle to zero results 
in Vi = 25710 ft/sec (-17 ft/sec) and yi = -1.46° (-.3°). 

2.4 Converting given conditions to other reference altitudes . - Converting 
given Vi, vi reentry conditions at 400,000 feet to another altitude, say 
350,000 feet, is easily accomplished by noting the variation of velocity 
and flight-path angle in a Keplerian ellipse. Reference 3 gives these V, 
v variations in a useful format. Assume 350 K feet reentry conditions 
are desired for the above circular orbit reentry example in paragraph 
2.3.2, where at 400 K feet Vi = 25727 ft/sec and y± = -1.38°. From 
reference 3, Figure 4 (d), the V, v 400 K feet values define a transfer 
ellipse where hp/ha = -13/159 nm. Figure 4 (c), for an altitude of 350 K 
feet, shows that for hp/ha = -13/159 nm, Vi = 25787 ft/sec and -vi = 

- 1 . 36 °. 


2.5 Parking orbits as a function of cutoff conditions for various 
insertion altitudes . - Figure 40 gives apogee and perigee altitude (ha, 
hp), true anomaly (0), and period (t), as a function of the cutoff 
parameters h, V, y,3 These graphs also allow a quick estimation of time 
to go to apogee and perigee since the insertion true anomaly is indicated. 
For this estimate, assume the orbital travel to be 36 o/t deg/min. These 
data are the result of the general Keplerian relation of ha, hp, 0, and 
t with h, V, y and are plotted in the given "insertion conditions" format 
for usage and compatibility with other flight control displays. 

Refer to Figure 40 (d), which is for an insertion attitude of 87 nm. 

Assume cutoff occurred at Vi = 25775 ft/sec and yi = +1.85°. The following 
is indicated: 

hp/ha = 5/250 nm 

initial true anomaly = 73° 

period, t - 89.2 min 

time to go to apogee = 26.6 min 

time to go to perigee = 71.2 min 


3 

From reference 4. See also reference 5 fo 1 ” additional data covering 
wider ranges in altitude. 


For this example, if no spacecraft propulsion capability is used, the 
subsequent reentry conditions can be obtained by the preceding method. 
Hence, from Figure 1 (c) of reference 3, at 350 K feet Vi = 259&3 ft/sec 
and y ± - -1.62 0 for hp/ha = 5/250 nm. 

2.6 Comments . - These, and the referenced data, represent a growing amount 
of useful mission planning data. These data should be thought of as 
related puzzle pieces that are to be fitted together for the purpose of 
simplifying the mission planning/evaluating task. In this regard, 
familiarity with this data will be beneficial in relating it to future 
data as it becomes available. 


3.0 CONCLUSIONS 

Inertial velocity and flight-path angle at 400,000 feet are given for 
reentries from near earth circular and elliptical parking orbits. The 
relationship of important parking orbit parameters to conditions at 
insertion is made in addition to pointing out the pertinent usefulness 
of existing data. 
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Figure 6. - Inertial flight-path angle and velocity at 400 000 feet as a function ot retrograde true anomaly and a constant AV for an elliptical orbit 

where h "85 nautical miles and h *100 nautical miles. 
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Figure 8. Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h -87 nautical miles and h "150 nautical miles. 
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Figure 10. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h *87 nautical miles and h -200 nautical miles. 
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Figure 10. - Continued. 
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Figure 11 . - 1 nertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h -90 nautical miles and h -100 nautical miles. 
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Figure 12 . - I nertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h *90 nautical miles and h -150 nautical miles. 
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Figure 13. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h -90 nautical miles and h -200 nautical miles. 
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Figure 14. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h “100 nautical miles and h -120 nautical miles. 
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where h -100 nautical miles and h -150 nautical miles. 
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Figure 16. - lne,*ial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 
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P a 


26,100 
26,000 
25,900 
25,800 
25, 700 
25,600 
25,500 
25,400 
25,300 
25,200 


Inertial velocity, V., ft/sec 


hassanBHHHS 

lifilRiHiH 

llBWI 

Nia siii 


mmmu 

aiiMifii 

ip mm 

lllill 


inamaa 

MHlBB-a 1 

laaaaii 


- • 4 P (3 . 20 ° 


mmm. 

- ' 

mmm 


I- IIP 


■M 

m 

m 


illiHHaKyHnaHHBHiiaiiiMiB! 

iasiiafflHaiiHBiiilaiiiHBMil! 

» we n» i mm m i m& m mm abb m as 
iiaffiM MMaHailiiaMiliii'aaiMgiiii 

iHBPiaiaHHyBiiiyiiiHaaHHiiiiiaiiiii 


Bill 


mmmm 
HSBI 

iiill 


bbi 

"ft lift" 


iiiii 

lliilHi'i 


£ -.8 


U . • ft , N uni) 


.laHHftlMBi-. 

BBBklKBBii'MBftliftfll 


imiSMI 


L‘i 88 


aaMLiiP 


■Kfaaifl 


lK»»KiSL._ 

IIWHHI m 
llRMHiSi 
s-'ilsglffii* 
maaiip il i 

IMHBillll 

iisaaaafe?*® ■■■ 

inalaHawsiiill 

aasiiBiiaaaL 



ill - ip : : 

iiiiiffi* rn 

MBB WiB'JBi/gl 


pMnMIilil 
J'iiflBBBflBBBBBBBBBI 
mm AMS Bl-llMiPSa 


mmi 




mm 

ftilffilllffi 

. : IP ' 


iBBBBSBB 

PiSafiBKBr 

ililB 

$$ rttt: :»r 

T 


«MW 

bbbbbbbhhv 

HI;: 3 SHBK :HKS» SttlW UHMWsWEaifeSBa! 


26,200 


26,100 


26,000 


25,900 


25,800 


Iliffiffiffiiiiffiii 

BPSSPBIillSiiiif 


mm Hiin Mm. mm Bin Mf \:WHMii 9 F 


Ml 

Bfll 


■ 5 , * 1.0 


mraHanmnniBa 

liBBBBBBBBBBBB 


ftiMftl 

Kiln 


SBiisissiiiiiiiy-iiBapii 

'ifM *•« 


•2 - 1.4 

o> 

C 


• *#BBb% li 

UpBHBBit'B.l 

iiHiiiffiia 88 « «i«aB wti 
. ... . .. .. 

mmm 


k 9 HBII»l 


SBlttiSHiiBBii Iffii 
IffiBKMHSSSBBliilSr 


SS8SSB38 


25,700 


25,600 


25,500 




■9 


lliii! 


, . .. ......... . ■>....... |■gW■Ki 

i — 

I: ii; ifj 


«!:: WitUr :« 

BBk Ml 

iBH 


mf 1 


:: ... ::::: 


Hi lfflftllffiHilfflBk.il 
liffiiffiffi»H»ffi»Bfei 
I 11 ! Ill ffiffi 'tft'ffiffi 

I :;wi!!Hi ■ ft 


»•»[ 
:::: 

i iBS« IS 
IffiliBft 


BSBHBMffiSiSBBMil 

: iiiiiiii mmm 


|§§BpS 88 BBB 888 lIS 8 EiSSS 5 
EBBBBBBBBBBB 

'HtassEHsm 

___ PMsamiffi 

iliiiiBiliiiililililiiii 


r 1 - ,■ iii • fiiiiii iisffipffia 


liiiilin 

iimaffiaiiar 




IflBI 


mm 


Blli 


:i ;iiij ;ixi; ai;; u 

. :Hn ::tt: riSi ::i: H 

llllHHS 

iBBgaflflBI 


jBSBBBBBBBBBBBBBBB 


m Bffiffiiis 
EilffiffiffiiilM 


mm 

HBi 


BS^B ilHBBB BBBBBBBBBBBEM 

iitiffioiffiffiffiiyiiiiiiiiiiffiffiffi" ■ ■ """' 

S Ill iiiii lift IP its if ffill Mft flffi 


iiiiiiiiSHii 


aa B a p uau ii EssisstsijiSi s 


25,400 


25,300 


25.200 


25.100 


0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360 

True anomaly of applied AV, 0 , deg 
(b) AV • 300 fps 
Figure 16 . - Continued. 




Inertial velocity, V., ft/sec 




Inertial flight-path angle, 





■BIIIIHIII 

illllHliiBIil 


inHBnHmsiii 


IBlUliSlSiilii 


lllfSI 

§§JS! illlillll! Bill Klllltl Mi 

MlililinMilliiliiiliSliffiiMliiiiiillKiiiiilifililii&ifiil! 


::::::: 


SSISBIIIili! 

5SSSBS8iSiS!3!iilSSiilli 
SiBISS3BSBB3S|lgi|i 

IfflSBSSSSBB&SBuBiiSSSffl 

ii!!ll;lli!iiS™!iIlSBiIIiMlii|| 


MBBMMMillBliil 


iffiiiliiifflgiliffiiffliiiiSSSiWWiiipiiipfflSiBpyiffllil! 


BiaBJilMiMMliSl 


HHJI 

Bfia 


Mj liiL :ih : ju: uiij |ui tmj in j. 

I HH M < 


pBliffll 

mmmm 


iilBBlilii 


-if; r 


H - "'Hi *r { h: 


mmmmwMmmw®' 


HI 


Bb « • •• ! li- •' • 


HilBBiilBlilffipi 

ill ! l ?i • i T : =‘i ' ‘ : 


[■■S&flHF 


HMMH9IM 




111' 


mmm 


ffii ifiiiiiiitiin 


■BiHHHHiiHHiiHrii- r.ilu.'- li IBtt IB #BS»il*it! 
Oil iiiilii iliiiliiilii! iliiii Hill! Dll MM illi iiiiiii SiSS iiipii piiiii 


HHKHHHHilli! 


niismyii 


'BBBBBBBBitiimBBi 


ili Mlli ilil illi fflBBHBMHP 

11 - issSSSISBSBBISSi 

! {tin Htti !lm ffl raji mtilln) ffllnfii Ittnror 5*111 mtl fftn IS? 


HiilililliBBBpiBiiiHiBH 

iSflHSafiSSliSfiBflBflfi 

,!! "C m '•>’ SiMHMI 


' ‘>i 'L T H|i' Jf ■ 


IHHHHBHHHHBHH 


26,200 


26,100 


26.000 


25,900 


25,700 


25,600 


25,500 


25,400 


25,300 


25,200 


25. 100 


True anomaly of applied AV, 0, deg 
(c) AV • 500 fps 
Figure 16. - Continued. 


Inertial velocity, V., ft/sec 







Inertial (light- path angle, 


$ 



3'- f . ' T! 


MM 


■■mmnmmrn 






— — gg 


::: !i! 'I" :i‘ :i : - :i ’f ! : iii 

MMMUMHnSS 


—BB 


1 — Hjpg 


8R ilMIffi i!!Ki iiiiiiil ilffiii il 

■■HHHHMHHSliliilMiiH! 
lilliiiiiii MBS iiii HU Iii 

1E1SIIIBI8HI 

jiil llffii !iM Hill iiiii 11811111 HI 

iii ii • , Hi ii • ' , • 

fflKBiiiiliiiiiiiiilliiiilffiiilil! 

MiSSn§BH B iai 


Bflnunmflnn 

isiisssiiisiliiiiiiiiisii 


True anomaly of applieo AV, 6, deg 
(d) AV - 700 fps 
Figure 16. - Concluded. 



Inertial velocity, V., ft/sec 



Inertial flight-path angle, 



, - , mwmw 


imuHniiiiiiim 

! ifiii ill! tlffi Hill 

iWiSHillill 


iiiiiissassasiiisBBi 


ii: vff- 'ihfflr.iriir-ill.iasffillillii 


HISItttSIIWjliiiiH! 


». « s 


iii l!f Hi 


IHMIli 


inmiiiHi 




m ' At. t , 
« !»•« ‘! 


A#flhr 


•• i:i« li ii 


m* 

«M;!S SP 






SSS 8 IH 88 


26,400 


0 30 60 % 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360 

True anomalv of applied AV, 0, deg 
(a) AV - 100 fps 

Figure 17 . - I nertia! flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h *100 nautical miles and h "250 nautical miles. 
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Figure 18. - Concluded. 
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P a 


Inertial velocity, V., ft/sec 





Inertial flight-path angle, 


mmmwmnmm • 

m-%- 


liililiSSiBHEBn 

pip mm **mmMmwKMMwmwMkm 

SiiiBHMHI 






MHBnl 


SH* ............... 

u aiii ;a«iaa mi.- ii«a 

aiimtunml: tun:::: 




: ■ 


Ulliilii: :! 


I lW ! '.ri:S 


Will 


* ■ 




■Kim 

lit!:::!:: 






:::::::: tttttmr.mtsmttm::::' :nnm: ::::::: 

jiii-H liH: HU: ii aj iHi* 

Util iffHafl: =tf !nf?lflc sffi Sfi i:;;f ;f?r wfe wfe 

p iiiiiaji a#***#*^ «* Hli iii 
IBHSUiiS&B&Spiaaiia 


. 


I 


I jijjiiiil ililjijjamn 


I :uir’„. 


.a: i-. : 


«!!:»*’ i ! :j iff 

M&m.n 

MSMBsSl^aflHlManrasBiwaiHiiH WBBHmHHHrHWPHI 

jgj: “ 'll • an. J : : * l***$ 81 lliil*H 

Jil. ilfa'a- a’ IT. B . 1 . BfiM i ' ir .! "*T. 

BUHBHttHHSSf - man a« • • > 

Ill* lip Si* 11**11 11 * 11 * m 




. li-jliiispiiii 
ii! ; p if;!:* iHinlilmli illl!!ll= : ifflf 

as* a a *BM Hpliwp|falWBWWBBnWBWBBWWW W H W B 

;ir yiilWli***®"* 

_ R ■„ •« - f - ‘-‘m. 

IHs 


IbImbAbl 

IBBBWWBHBft 


11 ;**** 

- :• :• 
HI Hall I H 




26,200 


26,100 


26,000 


25,900 


P - 80 ° 






p H 

wmm 


mm.... ..mm....... 

liliii 

m 


::: SHi 


81 


**i aai ina ij ' .j. 

:aP::a::a: 

j - - ' ' ; 


> ** 1 * ** ll|i 
; !- • ;• ®$| 


25,800 


25,700 


H 


a a: B 


iiaiiiH 




j{jP» |;i ill!: a::' ::xntl$r Hn'iiS " j •• 

£ 




mem 


p 


p lS 18 ii 8 ai» ia»Mp^ 


SI 


SiiSiiE 

* 818 * 188*8 


■MiSEii 


25,600 




: :. ::: 

_ i 

sllilli! MllSSli* 


8wHHIHhjHni::« 

v-V 


lipaiBiSiioiliiiiiiilii 

!•: •*♦}• itHiaii: BiiSK UiKUi; £:::tSl 


25,500 


iiiia!’ 

1*1 


I •!!;:& juj 

I :iim:: .... 


Ill 


;tt?a»®§a 


• -aMWI— 

m* * ■ ■ ** • tiSBPSfSPliii 1 ' 

IliiliiiiilSilii 

I •; I it :t - fir* 






I SffiMIP iiHli 


*• * • :> ‘i ! • i ! 1 

..in: liiliilH: ata::::: H .... 

::: . . .. ::: *: : : 

>" i » • «, .i H h 

■Hl'i: ’ If 4 - ilHSiSi 

}**«*«£ j j fjj jy *»***a 


ISffiS 


I iiiii 

I iiiii 


WBBbSSBwpiBBBi 




i» «a »MaBHpa|ippBjiiBBBteB! 

*'»“*■** §! iiisiiiiirs-i km* 


iiiili 


liiiiiPSSSii 

MMIIll ilill||||l| 
- 1 * 11 * W 1 
■ HMIMil 
ilP IS* iSSil* *iilii Ml 

MfllfiSflMH 

■ i; 
URiHHHyBWi; 

iiiSiSliiiii!*®! 


25,400 


25,300 


25,200 


25,100 




30 60 90 120 150 180 210 240 270 300 330 360 u xj ou 

True anomaly of applied AV, 0 , deg 
(b) AV • 500 fps 
Figure 19 . - Continued. 


30 60 90 F 120 150 180 210 240 270 300 330 360 








I nertial velocity, V., ft/sec 





Inertial flight-path angle, 



flags! 


iiipSiffliiiiliiHiiliillilHiiiiHHSiiaaiiii I — 


^iiiia^ggggssiiiSiiiSiaHiSiSj 

- =" 'U'- hi 


!ifi!ilij8!i!lia9Piiili^! 






OMNI 


mmmm 


, « , , 


iiiHHHHHMmna 







mmmamgmm 


MSB annul ■HBaHggBBi 








innisiisaisn 

iSfSlffii !!iim : Siiimti liijffi iiliffi! 88 111 ! 


ilHilBIgigl 

WggMffP! 

iillHiffi! 


li siifiiiitiiiHiiiiiti ilflilliii latiliii !i!8! 


ItniiU!! 


nmintinfliiWi 




iiisasiiiiiiiigiis! 






Stifii Siiffl lili Stem!! 'IHSil ! 

liiSMBHIiBSPII 

HI txifl Ht! Bltl 

wmmm mK ' M 'm . 
«HHa5slMfcaiii 

iiaaaaKSPisaHHiiSNi 


1 »»; ,* ii 


■MjSBHlflM 


HHaaaHHiHgiPHai! 


IPHHggiliiPKiiiHlIHPililiaaii 

Mr ussmimiiiiiisfi m*--. 4 

... -• . - 

iflnnk^«aaaHagaiipaiP%«i 


IB&NHMMNM 


liii HttiHHi iHfiiifl 


■ UIIIH— 

MMftaaMSilHI 


HB8 ililiii: 


unm Miwttflm ■■mu m m 

iUiHH furl mil ilfti tifli rtiiHHI! diiSiU fit*. hUi "Ht tmUHl* 

till mi uump •lliiHifl -ill* *1*5* 'HHH? 1 " 


iiiifliffiS ilipi 


26 , 200 


26, 100 


26,000 


25,800 


25,700 


25,600 


25,400 


25, 200 


25 , 100 


-.2 

-.4 

-.6 

-.8 

- 1.0 

-L2 

-1.4 

- 1.6 

- 1.8 

-ZO 

- 2.2 

-2.4 

- 2.6 


120 150 180 210 240 2?0 3U0 330 360 0 30 6C 90, 120 150 180 210 240 270 300 330 360 

True anomaly of applied AM, 8, deg 
(c) AM ■ 700 fps 
Figure 19. - Concluded. 



« 


I nertial velocity, V., ft/sec 




liiffiiiiiffi.ML | 

iBBBPSSBggflBlgBBBBMMl 

I i« MSHfUBI Bffi HH mi; liiij l»ii ^ SHI 

I iiiiiiii RBBB Bftjil BRIN 

lijiiliililiffiilllL MM BlM I 
iRfflSIBBBBBBliiiBnRlIilfl 
iilHi!i!iiiii!i!lil!i!liiliiyiiil!iHS;ll 
yiiRRSRBiilillBRlliSiBBBBMN 




Ifflililffliili 

111 11301 Rll BR RR BB RM lilliB BIB RiP SBR RIP — 
!'#• <!'■ ,ii ill i . , c i,l *? i^-qti'tli *■* Hi m-C-AlB "•id 

i Rll IfflR ill; ill! HR HRRBRR iifiSi RR RR RR 


I&BB88B HSI RRI^JIi BP tilll rfll- "'II' fll* 

MMwmmmmmwmmmmm 

I BB BBiRR RBRill Bn I I 

m&m i ,t>i % ii i i nF i !! l iRRRRRiiiiiiilRRRRB 

RRRRRBRRiiiiiRRR 

RRffiBRRRRRSilliaRgiilL- „ %. m J1 =2===™== 

BRRRRRflBRRBRRBBRIlBlIRHRpmKRaflBBIIORMMHBB 
BBBBIHRRRBRHBBKRRRBMRRiiRRiMRRBBBRRMiMB 
BBBBHfflBBliBilBBBBlIBBfflBMiffiBliBfiBfiBBBRBBBBBBli 

-siitaaiiiiiaillBIIIBlil 

mmwwwmwmwi 

iaiRPiiaiiSf 

bbbbbhbbbb5b5hbr5bbbbbbbbS5 

•I, m sag i!iiBiiiirS!ftaiiiiiiiiiiiiyiiH|!!!!!!!!!!!||||||||| 


HHHHHHHMi 


RRBRRRBii 


IpllpilH 
I mil! 111111 b 


1 MM IBBl 

IBHBiiiBE 


1 


IBBliBBBBBBu 
lil = 1 IB H “ 


I88B8ES8SE1 kMEEIS 88 I : : : ^ | 


% RPRffiffilRRiillil 
PBRBRBRBR 

Si -Hr v % = ft. MR 

1 -i 1 i!' • Hi ii 1 

- - i mm hmBbbbsb 
>, .1 hbmbbbmmWBBI 

Ibbbbhbbbbbb^^h 

ssssssam 


RftiRIi iliyiiiiiiil : 


gHg5gggggBBBffiB8BHBKBHSIggHK BBBBBBS8B88B 

BRRflKJRflRRRflRRRBilRRRRRRRRM 

MBBMlBjHHBMBWBBBBililiiMWBWiiiiB 

BHHHnHHHHHBBBIEMHMiMM \ ; 




ii ii h. ii ' in -« • r 1 1 HiffiiHiJB is. iii ii iii Iii i its 1 11 i !i 

mwMW 


PHB 


mmmmi 

mm* 


HMHM IlHlRffiRRRRRRRRiliR 

IRRRSflBBRRRRRiRRRIRRSJiPi!!;! RlIRRBRBRRjjg 
RRRRRRRRRBBBRBiRRRRlIRIIRIlRRRRRBliiBRRil 
BRRBilRRRiiBRRRBRRBBRBliiRBiiRBiiliRilSiiBiliil 
RRRRRlIRRRRRflRRRBRflHMILaRRIKflBRI 


[m ! h iwk hbrrrs 

ISliliiiiiiilHIIlilHlillililil 
jiili llB RRliiiiilRRMBRl 
■■■■SaBBBBBiiaSH 


BBS 

mm 

bbH 

waif] 

BBiRBBBBl I 

JlRRBRRIfflirl 

■BBBBBBRi 

RRBtRRRl 


|i|i!!l!il!! 


iiiiii mm liHiliii: mm ffi&il 


BRUM 

ii ii iii H . i" iiii i ii m niiiSiftllB - i§BB_ 

, iiiiiiii mmm i $ “* ■ nnai 

in n in "> ! ■ . !“#■“* ps mnmm 

m iiiiii lift bbi i in ■ ft mmm b & i mmm si 

HNMBBBBiiiBBBBBBBBBBMiBBBBBRBSiillHBBBBBBBBBBK 

BBBBMBBBBM BMBBBBiiiiiliiBBBBBBiiaiiliiirijBlilffllBliliiliillill 
I—mIm— IBB iMBaBBBBBBBiftBBftBBiiHBBBliBBBBBBaBBBaBBlB BBBIBBBiiB | 

liBBlBWBiBMBBBBiiBBBBIBBBBBBBlBiBBlililiiBBiB; l j ^ illlg|jBB|BBBaW 
EliyBBI'EBBBB«BBBBBBBBBBiiBpB|BflBB|B|BBBI|BB88BBBBB||BBflBBBBBBBBBB| 

illiiSSiliiiiiiliiiiliiiSSiaEiiiiSiSiiiiilgigiiiiiiiiigigii 

rnrnmmxmimam mammmmmmmm 

■IIiiSES 88 iSa 8 l 388 SI 88 iSiSSiilS 811 ii 888 EliSI 118 i 8 S 81 lliiiliSlliI|liilli 

jBBBB 8 BggBBBB 8 B 88888 B 88 BBB 8 MMa MaagmaMBBi 

■BSSBhw 1 

.,jiiWBMMBgMWHaaaMaaMgMMm 

iMM 


iiiiiiiiilBWBBBBBBBBBflfl 

iliiiiliiiiiiiiliilBBBBBiiBBBBI 

ii;;;:;;: imiUft; :ux:uu: :::ums; imiHWIHW 

1 wl tiff • iiin Hit! fflj tilt! ttttl ltt:i rnft Itlli rtlll !lHi iStt lifts Iffl 9 

iii in ii ii iii ii is a isi a b a i. . .. 

IB BH BB BB Bffl iiiiiiii iii 


i,.. Sv _. . ... 


True anomaly of applied AV, B, deg 
(a) AV - 100 fps 

Figure 20. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 
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Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 
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Figure 22. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h ■ 120 nautical miles and h -250 nautical miles. 
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Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h - 140 nautical miles and h ■ 200 nautical miles. 

P a 


Inertial velocity, V,, ft/sec 



Inertial flight-path angle, r i# deg 



s::s:ssssss 


3S3333SS5SS3I3&” 

3383SS33B3SS33S38 


HI 

Hit 1IIH 

mmmm 


mem 


:«!'!» SlnillSiflMil 

Halil 


lottutL m mr ututua 
ilwllir IrmiliiflaBl 


Hii iiii^ illli ill iSHf !il tfflM i 


ill ilMiWiHI 


Miiiiiiiiiliii 


120 150 180 210 240 270 300 330 360 u X) w 

True anomaly of applied AV. 0, deg 
(b) A V • 500 fps 
Figure 24. - Continued. 




Inertial flight-path angle, 



• !:!!!'! 


mm> ■ i 


,H ■ it ''p I,, *ii ,, i 


liii II IHIIill tliliij 


---■ t a tel 


I— ■— 


mmfM 


mmmm. 




inanap! 


\wmwmwMMmwmmm 


lit ifnll: 


m 




PSjflBaSMM 


:m: in:: gin rnf «::: ;nr. un: ::n: 
SB SB! *n?: 'M ft?? 3H* 1 




£5iiSHB£lMBBBfi9w 


■Hi 

: : 1 


I , ■ •, , t ,n, h 

I IHRISiaHiR^jfilliai! 

HMHBIllSSW^Jg m mm m lililliili 




BMW 

B HR Ml 


True anomaly cf applied AV, 0t deg 
(c)AV- 700 fps 
Figure 24. - Concluded. 


Inertial velocity, V., ft/sec 





Inertial flight-path angle, y. , deg 




True anomaly of applied AV, 0, deg 
(a) AV ■ 300 fps 

Figure 25. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h - 140 nautical miles and h *250 nautical miles. 
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Figure 26. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h "140 nautical miles and h *400 nautical miles. 
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Figure 26. - Continued. 
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Figure 27 . - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomalv and a constant AV 'or an elliptical orbit 

where h ■ 153 nautical miles and h • 180 nautical miles. 
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Figure 23. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h *153 nautical miles and h *200 nautical miles. 
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Figure 29. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h • 153 nautical miles and h -250 nautical miles. 
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Figure 29. - Continued. 
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Figure 30. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h *153 nautical miles and h *400 nautical miles. 
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Figure 31. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h ■ 160 nautical miles and h * 180 nautical miles. 

P a 


Inertial flight-path angle, y. , deg 


Inertial flight-path angle, y. , deg 


26.100 




I • f . 
■HHI 

mm 


pilipjl 

ISiljmSS 

MPMBBBBK 




lilliiiliiH 

■IwBBi 


IMS 

iitilil 
BSSaill 





26,000 


25,900 


25,800 


25,700 


25,600 


25,500 


iiUiiltii ililill 
MfUnimRI 

• iP iii i 


m 

-juawMittMi 

mmwwmmm 

mmm 

I •****•"■ ■ f 

• s P 

- ;i; ••• 


HP 

III! 



Sill 

m 


■HMPMPiB 

COM 



BHPI 


25,400 


25,300 ^ 


25,200 


25,100 



25,000 


• , _ . ■ 'mm ***!—- """" 


24,900 


30 60 


90 120 150 180 21U 24u 270 3u0 330 360 0 30 6U 

True anomaly of applied AV, 0, deg 
(b) AV • 500 fps 
Figure 31. - Continued. 


30 60 90 120 150 180 210 240 270 300 330 360 


Inertial flight-path angle, 


Inertial flight-path angle, 



300 330 360 

True anomaly of applied AV, 0, deg 
(c) AV * 700 fps 
Figure 31. - Concluded. 


26,000 
25, 900 

25,800 

25,700 

25,600 
25,500 
25.400 
25, 300 
25,200 
25.100 
25,000 


T 


Inertial flight-path angle, 



Inertial flight-path angle, 



0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360 

True anomaly of applied AV, 0, deg 
(a) AV - 300 fps 

Figure 32 . - I nertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h "160 nautical miles and h *200 nautical miles. 
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Figure 33 . - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h * 160 nautical miles and h *250 nautical miles. 
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Figure 34. - Inertial fiight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h -160 nautical miles and h -400 nautical miles. 
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Figure 35. - Inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h -180 nautical miles and h *200 nautical miles, 
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Figure 36 . - inertial flight-path angle and velocity at 400 000 feet as a function of retrograde true anomaly and a constant AV for an elliptical orbit 

where h * ISO nautical miles and h *250 nautical miles. 

P a 




Inertial velocity, V., ft/sec 







Figure 36. - Continued. 
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(c) Retrograde pitch angle, p ■ 20‘ 
Figure 39. - Continued. 
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(d) Retrograde pitch angle, p - 30° 
Figure 39. - Continued. 
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Figure 39. - Continued. 
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(f) Retrograde pitch angle, P - 50' 
Figure 39. - Continued. 
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Figure 39. - Concluded. 
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(a) 70 nautical mile altitude. 

c igure 40. - True anomaly, apogee altitude and perigee altitude as a function of inertia! velocity and inertial flight-path angle for various altitudes. 
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(b) 77 nautical mile altitude. 

Figure 40. - Continued. 
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(c) 85 nautical mile altitude. 
Figure 40. * Continued 





Inertial flight-path angle 



ns MMMmmM Vii'Mffiiain 


Keplerian period, r, min 


True ar.omaly, 8, deg 
Altitude of periaee, ^ 
Altitude of apogee, h 


25.9 26.0 26.1 26.2 

Inertial velocity, Vj , fps 


(d) 87 nautical mile altitude 
Figure 40. - Continued. 



TT 

■ 

■ 

■1 

■1 

■ 

■l 

ss 

l*S 






Inertial flight-path angle 
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(ei 90 nautical mile attitude. 
Figure 40. - Continued. 
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(f) 95 nautical mile altitude 
Figure 40. - Continued. 
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(g) 100 nautical mile altitude. 
Figure 40. - Concluded. 
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